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Description
FIELD
[0001] The present disclosure generally relates to

acoustic structures and related systems and methods
which may be used todampen or attenuate sound waves,
including, for example, noise generated by or emanating
from various aspects or components of turbomachines
such as turbine engines. More particularly disclosed
herein are acoustic structures that include oblique poly-
hedral cellular structures, including cellular structures
providing continuous degree of freedom acoustic treat-
ments, and related systems and methods of making and
using such acoustic structures.

BACKGROUND

[0002] Aircraft engine noise can be a problem in high
population areas and noise-controlled environments.
The noise generally includes contributions from various
source mechanisms in the aircraft, with fan noise typically
being a dominant component of the noise at take-off and
landing. Fan noise propagates through the engine intake
duct, and then emanates to the outside environment.
Acoustic structures such as liners are known to be ap-
plied on the internal walls of the nacelle to dampen or
attenuate fan noise propagating through the engine
ducts. These acoustic structures or liners typically in-
clude an array of honeycomb shaped cellular structures
sandwiched between a porous face sheet a solid back
sheet. The porous face sheet typically orientates towards
the noise source, thereby allowing the sound waves to
enter the cellular structure. The solid back sheet is sub-
stantially impervious to sound waves, thereby allowing
the cellular structure or cells to act as acoustic resona-
tors.

[0003] The acoustic damping or attenuation perform-
ance of previous acoustic liners typically depends on the
depth of the cellular structures. The frequency of sound
waves sufficiently dampened by a cellular structure gen-
erally correlated to cell depth, with lower frequencies call-
ing for increased cell depth for sufficient damping or at-
tenuation performance. Most commercial aircraft use tur-
bomachines such as turbofan engines that have a high
bypass ratio, meaning a relatively larger portion of fan
air bypasses the turbine. This is because a high bypass
ratio improves fuel consumption. However, high-bypass
turbofan engines tend to emanate more sound at low
frequencies, which calls for correspondingly deeper cel-
lular structures that tend to increase the size and weight
of acoustic liners.

[0004] Efforts to dampen or attenuate sound across
the range of frequencies generated by turbofan engines
face the problem of minimizing the size and weight of the
acoustic liners while still providing sufficient noise reduc-
tion over arange of sound frequencies. Additional cellular
structures may be added to respectively address different
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frequencies. For example, there are acoustic liners with
two cellular layers separated by a porous septum sheet,
referred to as two-degree-of-freedom liners. These ad-
ditional cellular layers, however, tend to be heavier and
more complicated and expensive to produce relative to
single-degree-of-freedom liners which have only a single
cellular layer. There are some single-degree-of-freedom
liners with a cellular layer made up of individual cells with
differing depths, which provide different resonant cavity
volumes sized for different sound frequencies. However,
these variable depth structures require a thicker core lay-
er to accommodate the deeper individual cells and also
are more expensive and complicated to produce. Addi-
tionally, the cells that have shorter depths typically have
excess solid material between the bottom of the cell and
the back sheet, which also adds to the overall weight of
the cellular layer.

[0005] Commonly assigned U.S. Application No.
15/421,935 addresses these and other shortcomings,
the entirety of which patent application, publication doc-
ument, and patents issuing therefrom are hereby incor-
porated by reference into this application. Nevertheless,
there exists a need for further improved acoustic struc-
tures and liners. The present disclosure addresses the
foregoing needs and shortcomings, for example, by pro-
viding the presently disclosed acoustic structures and
related systems and methods.

BRIEF DESCRIPTION

[0006] Acoustic structures and related systems and
methods are presently disclosed. The acoustic structures
include an array of oblique polyhedral cellular structures.
The oblique structures include converging polyhedral
cells and/or diverging polyhedral cells, combinations of
parallel and oblique cellular structures, and cellular struc-
tures providing continuous degree of freedom acoustic
treatments. The acoustic structures may be used in
acoustic liners to dampen or attenuate sound waves, in-
cluding, for example, noise generated by or emanating
from various aspects or components of a turbomachine.
Typically the cellular structures are hollow.

[0007] Accordingly, in once aspect, the present disclo-
sure embraces acoustic liners. In an exemplary embod-
iment, an acoustic liner may include a face sheet, a back
sheet, and a core layer comprising a plurality of strips of
core material configured to form an array of oblique pol-
yhedral cellular structures. In another aspect, the present
disclosure embraces a turbomachine that includes one
or more acoustic liners. Such a turbomachine includes a
turbine and a nacelle surrounding the turbine. The na-
celle defines an inlet and a fan duct with a duct inner wall.
The one or more acoustic liners may be disposed annu-
larly along the duct inner wall.

[0008] In another aspect, the present disclosure em-
braces core materials for use in an acoustic liner and
core layers made from such core materials. In an exem-
plary embodiment, a core material may be provided in
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the form of strips, which may be configured to form an
array of cellular structures, including oblique or parallel
cellular structures and combinations of these. For exam-
ple, a plurality of strips of core material may be configured
to form a core layer that has an array of oblique polyhedral
cellular structures. The array of oblique cellular structures
may include a plurality of converging polyhedral cells and
a plurality of diverging polyhedral cells. In some embod-
iments the array may further include oblique polyhedral
cells combined with parallel polyhedral cells. Some cel-
lular structures may provide a continuous degree of free-
dom acoustic treatment.

[0009] In another aspect, the present disclosure em-
braces acoustic dampening and attenuation systems.
These systems include combinations of acoustic liners
and/or acoustic structures selectively placed ata plurality
of locations around a noise source.

[0010] In another aspect, the present disclosure em-
braces methods of forming core materials, from which a
core layer may be configured, and methods of forming
such a core layer for use in an acoustic liner and methods
of forming such an acoustic liner. An exemplary method
of forming a core layer that has an oblique polyhedral
cellular structure includes forming a plurality of strips of
core material and selectively adhering the plurality of
strips of core material to one another. The plurality of
strips may be selectively adhered to one another at a
multitude of adherence regions located at selected length
intervals along respective strips. The exemplary method
continues with concurrently or subsequently folding each
of the plurality of strips of core material, thereby expand-
ing or separating the strips from one another at a multi-
tude of expansion regions respectively located between
the multitude of adherence regions.

[0011] An exemplary method of forming an acoustic
liner includes attaching a face sheet and a back sheet to
a core layer that includes an array of oblique polyhedral
cellular structures. The oblique polyhedral cellular struc-
tures may include a plurality of converging polyhedral
cells and diverging polyhedral cells.

[0012] In another aspect, the present disclosure em-
braces methods attenuating or dampening sound such
as turbomachine noise using the presently disclosed core
materials, core layers, acoustic structures, and/or acous-
tic liners. In some embodiments, exemplary methods of
attenuating noise from a source generating a sound wave
stream may be performed using the acoustic liners and
oblique polyhedral cellular structures of the present dis-
closure. Exemplary methods include receiving a sound
wave stream including a plurality of frequency compo-
nents at afirst surface of a core layer of an acoustic struc-
ture and reflecting the sound wave stream from a first
surface of an oblique polyhedral cell to a second surface
of the oblique polyhedral cell and at least partially can-
celing at least some of the plurality of frequency compo-
nents based on the reflecting. These methods result in
absorbing a portion of an energy content of the reflected
sound wave stream at each reflection.

10

15

20

25

30

35

40

45

50

55

[0013] The foregoing summary is illustrative only, and
is not intended to be in any way limiting. In addition to
the foregoing, further aspects, embodiments and fea-
tures will become apparent by reference to the drawings,
the following detailed description and the claims, as well
as by practicing the presently disclosed subject matter.

BRIEF DESCRIPTION OF THE DRAWINGS
[0014]

FIG. 1 shows a perspective partial cutaway view of
a turbofan engine including an acoustic liner config-
ured in accordance with the present disclosure.

FIG. 2A shows an isometric partial cutaway view of
a portion of an exemplary acoustic liner that may be
used with a turbomachine such as the turbofan en-
gine shown in FIG. 1.

FIG. 2B shows an isometric perspective view of a
portion of an exemplary acoustic liner that may be
used with a turbomachine such as the turbofan en-
gine shown in FIG. 1, with the face sheet removed
to reveal an exemplary core layer.

FIGs. 3A-3C respectively show a top perspective
view, a side view, and a bottom perspective view of
a core layer having a parallel polyhedral cellular
structure.

FIG. 3D shows a side view of a pre-expanded core
material that may be expanded to form a core layer
having a parallel polyhedral cellular structure.

FIG. 3E shows a perspective view of a core layer
having a parallel polyhedral cellular structure formed
by expanding the core material of FIG. 3D.

FIG. 4 shows several exemplary oblique polyhedral
cells that may be included in an oblique polyhedral
cellular structure.

FIGs. 5A-5C respectively show a top perspective
view, a side view, and a bottom perspective view of
a core layer having an exemplary array of oblique
polyhedral cellular structures.

FIGs. 5D and 5E respectively show a converging
polyhedral cell and a diverging polyhedral cell from
the exemplary array of FIGs. 5A-5C, projected onto
a two-dimensional space.

FIG. 5F shows a side view of an exemplary pre-ex-
panded core material that may be expanded to form
a core layer having an exemplary oblique polyhedral
cellular structure.
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FIG. 5G shows a perspective view of a core layer
having an exemplary oblique cellular structure
formed by expanding the core material of FIG. 5F.

FIGs. 6A-6C show top perspective views of addition-
al exemplary oblique polyhedral cellular structures,
each with a respectively different frustum factor.

FIGs. 7A-7C respectively show a top perspective
view, a side view, and a bottom perspective view of
an additional exemplary oblique polyhedral cellular
structure, which has a different facing factor relative
to the cellular structure shown in FIGs. 5A-5C.

FIGs. 7D-7F respectively show a top perspective
view, a side view, and a bottom perspective view of
yet another exemplary oblique polyhedral cellular
structure, which has a maximum facing factor for the
configuration of cells in the embodiments shown in
FIGs. 7A-71.

FIGs. 7G-7I respectively show a top perspective
view, a side view, and a bottom perspective view of
yet another exemplary oblique polyhedral cellular
structure, which has an increased frustum factor for
the diverging cells, providing diverging cells that sub-
stantially inversely mirror the adjacent converging
cells.

FIGs. 8A and 8B show side views of exemplary pre-
expanded core materials that may be expanded to
respectively form an exemplary oblique polyhedral
cellular structure that has a varying frustum factor
and/or a varying facing factor.

FIG. 8C shows a perspective view of an exemplary
oblique polyhedral cellular structure formed by ex-
panding the core material of FIG. 8C that has a var-
ying frustum factor and/or a varying facing factor.

FIG. 9A shows another exemplary pre-expanded
core material that may be expanded to form yet an-
other exemplary oblique polyhedral cellular struc-
ture.

FIGs. 9B and 9C respectively show a top perspective
view and a bottom perspective view of the exemplary
oblique polyhedral cellular structure formed by fold-
ing and/or expanding the core material of FIG. 9A.

FIG. 9D shows a cross-sectional view of the exem-
plary oblique polyhedral cellular structure formed by
folding and/or expanding the core material of FIG.
9A.

FIG. 9E shows cross-sectional views of the top face
and the bottom face of the exemplary oblique poly-
hedral cellular structure of FIG. 9D translated onto
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one another.

FIG. 10A shows a cross-sectional view of the top
face and the bottom face of yet another exemplary
oblique polyhedral cellular structure translated onto
one another.

FIG. 10B shows a side view of the exemplary oblique
polyhedral cellular structure shown in FIG. 10A.

FIG. 10C shows a cross-sectional view of the top
face and the bottom face of yet another exemplary
oblique polyhedral cellular structure translated onto
one another.

FIG. 10D shows a side view of the exemplary oblique
polyhedral cellular structure shown in FIG. 10C.

FIGs.11A and 11B show a plurality of differently con-
figured linear strips of core material that may be used
to form an exemplary oblique polyhedral cellular
structure.

FIG. 11C shows the exemplary oblique polyhedral
cellular structure formed using the plurality of differ-
ently configured strips of core material shown in
FIGs. 11A and 11B.

FIG. 12A shows an exemplary linear strip of core
material, several of which may be combined and then
folded and/or expanded to form an exemplary array
of oblique polyhedral cells that have adjacent and
abutting lateral faces.

FIGs. 12B and 12C respectively show a perspective
view and a top view of an exemplary array of oblique
polyhedral cells formed using the strip of core mate-
rial shown in FIG. 12A.

FIG. 13A shows another exemplary strip of core ma-
terial, several of which may be combined and then
folded and/or expanded to form another exemplary
array of oblique polyhedral cells that have adjacent
and abutting lateral faces.

FIGs. 13B-13D respectively show a top perspective
view, a side view, and a bottom perspective view of
another exemplary array of oblique polyhedral cells
formed using the strip of core material shown in FIG.
13A.

FIG. 14 shows a perspective view of an exemplary
core material that has a combination of parallel and
oblique polyhedral cellular structures.

FIG. 15A shows a flow chart of an exemplary method
of forming a core layer for an acoustic liner that has
an oblique polyhedral cellular structure.
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FIG. 15B shows a flow chart of an exemplary method
of forming an acoustic liner using the core layer of
FIG. 15A.

FIG. 16 shows a flow chart of an exemplary method
of attenuating noise from a source generating a
sound wave stream that may be performed using the
acoustic liners and oblique polyhedral cellular struc-
tures of the present disclosure.

[0015] Repeat use of reference characters in the
present specification and drawings is intended to repre-
sent the same or analogous features or elements of the
present disclosure.

DETAILED DESCRIPTION

[0016] Various aspects and features are described be-
low in greater detail with reference to the appended fig-
ures, including among other things, exemplary acoustic
liners, core layers for acoustic liners with oblique poly-
hedral cellular structures, turbomachines that utilize such
acoustic liners, and related acoustic dampening and at-
tenuation systems and methods. Numerous specific de-
tails are set forth in order to provide a thorough under-
standing of the presently disclosed subject matter. It will
be apparent, however, to those skilled in the art, that the
presently disclosed subject matter may be practiced with-
out some or all of these specific details. In other instanc-
es, well known aspects and features have not been de-
scribed in detail in order to not unnecessarily obscure
the present disclosure. Those skilled in the art will also
appreciate that various modifications and variations can
be made to the disclosed subject matter without depart-
ing from the spirit and scope of the present disclosure.
For instance, features illustrated or described as part of
one embodiment can be used with other disclosed or
known features to provide yet another exemplary em-
bodiment. The following detailed description is therefore
not to be taken in a limiting sense, and it is intended that
other aspects, features, and embodiments are within the
spirit and scope of the present disclosure.

[0017] Systems for damping or attenuating sound
waves are described herein. These systems may be
used, for example, to dampen or attenuate noise gener-
ated by or emanating from various aspects or compo-
nents of turbomachines, such as turbofan engines com-
monly used in aircraft. These systems may similarly be
used in numerous other classes of aircraft, including
commercial, military, and civilian aircraft. These systems
are effective for damping and attenuating noise from a
wide variety of turbomachines, including, turbojets, tur-
bofans, turboprops, turboshafts, ramjets, rocket jets,
pulse-jets, turbines, gas turbines, steam turbines, marine
engines, and the like. More broadly, these systems may
be used to dampen or attenuate sound waves from any
source that might be within the contemplation of those
skilled in the art.
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[0018] In FIG. 1, the turbofan engine 100 includes a
nacelle 102 surrounding a turbine 104 and a fan rotor
106, whichincludes a plurality of circumferentially spaced
fan blades 108 powered by the turbine 104. The nacelle
102 defines an inlet 110 and a fan duct having a duct
inner wall 112 that directs airflow 114 downstream
through the fan rotor 106, generally along a longitudinal
axial centerline 116. In some embodiments, one or more
acoustic liners provide a system for damping or attenu-
ating sound waves. The system includes one or more
acoustic liners 118 disposed annularly along the duct in-
ner wall 112. The one or more acoustic liners 118 have
aposition along the ductinner wall 112 located upstream
from the fan blades 108. One or more acoustic liners may
also be positioned downstream from the fan blades 108.
For example, an acoustic liner may be positioned at or
aft of an inner barrel 119 portion of the nacelle 102. Ad-
ditionally or alternatively, one or more acoustic liners 118
may be positioned at or aft of a fan casing portion 120
and/or a transcowl portion 122 of the nacelle 102. Addi-
tionally, one or more acoustic liners 118 may be posi-
tioned in proximity to nonrotating portions of the fan cas-
ing portion 120 or other components of the turbofan en-
gine 100. These positions include ducts or casings within
the turbofan engine 100 where an acoustic liner may be
effective for noise suppression (e.g., damping or atten-
uation) at various frequency ranges. For example, one
or more acoustic liners 118 may be positioned at a core
cowl portion 124. Those skilled in the art will appreciate
even further areas where acoustic liners may be posi-
tioned to dampen or attenuate noise generated by or em-
anating from various aspects of a turbofan engine.
[0019] For purposes of clarity, the terms "upstream"
and "downstream" generally refer to a position in a jet
engine in relation to the ambient air inlet and the engine
exhaust at the back of the engine. For example, the inlet
fan is upstream of the combustion chamber. Likewise,
the terms "fore" and "aft" generally refer to a position in
relation to the ambient air inlet and the engine exhaust
nozzle.

[0020] Inoperation, a turbofan engine generates a tre-
mendous amount of noise. Those skilled in the art may
utilize the acoustic liners, systems, and methods dis-
closed herein in efforts to dampen or attenuate a maxi-
mum amount of engine noise. To illustrate a typical
source of turbofan engine noise, it will be appreciated
that the fan rotor 106 rotates within the fan casing portion
120, producing discrete tonal noise predominately at a
blade passage frequency (BPF) and multiples thereof.
During take-off of the aircraft, the fan blades 108 reach
transonic and supersonic rotational velocities, generat-
ing noise that propagates out of the fan duct into the
surrounding environment. In exemplary embodiments,
one or more acoustic liners 118 are configured and ar-
ranged to suppress noise resonating at the BPF and har-
monics of the BPF. In some embodiments, an acoustic
liner 118 or various portions thereof may be configured
to absorb one or more components of sound waves and
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thereby reduce the sound at specific frequencies. Some
aspects of an acoustic liner 118 may be configured to
reflect incident sound waves multiple times before the
sound waves escape the acoustic liner 118. Without be-
ing bound to any particular theory, itis believed that these
multiple reflections serve to reduce the amplitude of the
sound waves. Additionally, some aspects of an acoustic
liner 118 may be configured to cause sound waves to
become out-of-phase. Without being bound to any par-
ticular theory, it is believed that when sound waves be-
come out-of-phase, various portions of the sound waves
tend to cancel one another, thereby reducing at least
some of the energy in the sound waves. Without being
bound to any theory, the acoustic liners 118 disclosed
herein include various aspects and features configured
to dampen or attenuate sound according to at least these
modalities.

[0021] FIG. 2A shows an isometric partial cutaway
view of a portion of an exemplary acoustic liner 118. This
acoustic liner may be configured for use with the turbofan
engine shown in FIG. 1 or for attenuating noise from any
other source within the contemplation of those skilled in
the art. In some embodiments, the acoustic liner 118 may
be disposed proximate to airflow 114 (also shown in FIG.
1). The acoustic liner 118 may be secured within the tur-
bofan engine 100 by a flange or other attachment with
the duct inner wall 112 and/or the fan casing portion 120.
The acoustic liner 118 includes a core layer 200 posi-
tioned between a perforated face sheet 202 and a sub-
stantially imperforate back sheet 204. Typically the core
layer is made up of hollow cellular structures. The face
sheet 202 includes a plurality of perforations 203 extend-
ing through a material of construction of the face sheet
202, and positioned and spaced in at least one of a re-
peating pattern and a random pattern. The perforations
203 allow sound waves to enter the cellular structure of
the core layer. The face sheet 202 may be formed of a
wire mesh or a woven or nonwoven fibrous material that
has perforations applied thereto or that has porous char-
acteristics as formed. The face sheet 202 and back sheet
204 form planes having a generally parallel orientation
relative to one another.

[0022] The core layer 200 may be secured between
the face sheet 202 and the back sheet 204 using an ad-
hesive process. For example a thermal, sonic, or electric
welding process may be used. Alternatively, an adhesive
formulation such as a thermosetting or pressure sensitive
adhesive or an adhesive tape may be used to secure the
core layer in position. A thickness or height of the core
layer 200 may be defined by a distance taken along an
axis R 201 (also shown in FIG. 1) between an inside
surface of the face sheet 202 and an inside surface of
the back sheet 204. A top face 208 defines a first linear
or curved surface of the core layer 200 and a bottom face
210 defines a second linear or curved surface of the core
layer. The top face 208 resides adjacent to and oriented
towards the inside surface of the face sheet 202, and the
bottom face 210 resides adjacentto and oriented towards
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the inside surface of the back sheet 204. The axis R 201
represents a normal line relative to the normal surface
corresponding to the top face and/or the bottom face.
The axis R may be a radial or other axis as the context
requires. In this exemplary embodiment, the terms "in-
ner" and "outer" refer to the orientation of the respective
layers in relation to the longitudinal axial centerline 116
shown in FIG. 1.

[0023] The face sheet 202, the back sheet 204, and
the core layer 200 may together form an arcuate cylin-
drical acoustic liner 118 (see, e.g., FIG. 1), a portion of
which is shown in FIG. 2A. A noise source (e.g., fan
blades 108 of fan rotor 106) is thus positioned within the
arcuate cylindrical acoustic liner 118. The porous face
sheet 202 of the acoustic liner typically orientates to-
wards the noise source, with the back sheet 204 typically
being more distal from the noise source relative to the
face sheet 202. In an alternative embodiment, the face
sheet 202, the back sheet 204, and the core layer 200
may together form an acoustic liner 118 that has a sub-
stantially flat planar profile. For example, and without lim-
itation, an enclosed volume such as a room or an engine
casing may contain a noise source such as noisy ma-
chinery, and one or more walls or other aspects of such
an enclosed volume may be lined with a substantially flat
acoustic liner 118.

[0024] In still other embodiments, the face sheet 202,
the back sheet 204, and the core layer 200 may together
form a complexly curved acoustic liner 118. For example,
and without limitation, one or more complexly curved
walls or other aspects of a nacelle or a noise source-
containing room or space may be at least partially lined
with a complexly curved acoustic liner 118. For example,
FIG. 2B shows a more detailed view of a portion of an
exemplary curved acoustic liner. The curve may be con-
figured to correspond to the contour of a mounting loca-
tion, suchasalocation 112,119, 120, 122 within anacelle
102 of a turbofan engine 100. The face sheet 202 of the
acoustic liner 118 has been omitted from FIG. 2B to fur-
ther illustrate the core layer 200. The core layer 200 in-
cludes an array of oblique polyhedral cellular structures
defined by a plurality of adjacent cells 206. The oblique
polyhedral cellular structures extend between the face
sheet 202 and the back sheet 204. These polyhedral cel-
lular structures may include parallel polyhedral cells
and/or oblique polyhedral cells. The oblique polyhedral
cells may include converging polyhedral cells 212, and
diverging polyhedral cells 214. Numerous exemplary cel-
lular structures or cells are discussed in more detail be-
low.

[0025] The core material may be formed from any com-
bination of materials known in the art, including one or
more of a synthetic fiber and a metal alloy. Exemplary
metal alloys include aluminum alloys, steel alloys, and
superalloys, such as austenitic nickel-chromium-based
superalloys. Exemplary synthetic fibers include aramid
fiber, meta-aramid fiber, para-aramid fiber, carbon fiber,
polyethylene fiber, rayon, polyester, and nylon. Addition-
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ally, the core material may be formed from any other suit-
able materials known in the art, all of which are within
the spirit and scope of the present disclosure.

Parallel Polyhedral Cellular Structures

[0026] Parallel polyhedral cellular structures generally
have geometric characteristics reflecting a right prism or
a substantially right prism. A right prism is a polyhedron
composed of an n-sided polygonal top face, a bottom
face which is a translated copy of the top face without
rotation, and n-number of rectangular lateral faces bi-
sected by the top face and the bottom face. Given these
characteristics of aright prism or substantially right prism,
parallel polyhedral cellular structures have lateral faces
that are substantially parallel to the normal line repre-
sented by the axis R201. Forexample, FIGs. 3A-3E show
a core layer 300 that has a parallel polyhedral cellular
structure. In FIGs. 3A-3C, the core layer 300 has a plu-
rality of polyhedral cells 302 that exhibit geometric char-
acteristics of a hexagonal prism or a "honeycomb" struc-
ture. The polyhedral cells 302 have a plurality of lateral
polygonal faces 303 bisected by a top face 304 and a
bottom face 306. The top face 304 and the bottom face
306 are substantially parallel to one another and have
substantially the same surface area as one another. The
lateral faces 303 are substantially parallel to the normal
line 201 and have a convergence angle 0 (theta) 216 of
zero or approximately zero. Parallel cellular structures,
however, are not limited to those structures with identi-
cally sized lateral rectangular faces, nor to those struc-
tures with identical internal angles between adjacent lat-
eral rectangular faces. Rather, parallel cellular structures
include those structures with differently sized lateral rec-
tangular faces and correspondingly differing internal an-
gles between adjacent lateral rectangular faces. Such
parallel cellular structures nevertheless have a top face
304 and a bottom face 306 with substantially the same
surface area. Also, it will be appreciated that parallel cel-
lular structures may not exhibit perfect symmetry due to
minor imprecision in manufacturing processes and the
like leading to imperfect symmetry in the cellular struc-
tures.

Oblique Polyhedral Cellular Structures

[0027] In contrast with parallel cellular structures, ob-
lique polyhedral cellular structures have polyhedral cells
with least one lateral face that either converges or diverg-
es relative to the normal line represented by the axis R
201 at a convergence angle 6 (theta) 216 greater than
zero degrees. A wide variety of convergence angles
and/or divergence angles may be provided. Forexample,
in various embodiments, a convergence angle 6 (theta)
216 may fall within a range from greater than zero to 10
degrees, 20 degrees, 30 degrees, or45degrees. In some
embodiments, a convergence angle may fall within a
range from 1 to 30 degrees, such as from 2 to 10 degrees,

10

15

20

25

30

35

40

45

50

55

or 5 to 15 degrees, or 10 to 20 degrees, or 15 to 30
degrees.

[0028] Numerous various oblique polyhedral struc-
tures are within the scope and spirit of the present dis-
closure, including but not limited to the exemplary em-
bodiments that follow. FIG. 4 shows numerous exempla-
ry oblique polyhedral configurations that may be incor-
porated into an oblique polyhedral cellular structure in
accordance with the present disclosure. By way of ex-
ample, FIG. 5A through FIG 14 show various embodi-
ments of cellular structures that include oblique polyhe-
dral cells. These examples include several of the oblique
polyhedral configurations shown in FIG. 4 and combina-
tions thereof. An oblique polyhedral cell may take the
form of any one of these or other exemplary oblique pol-
yhedral configurations.

[0029] In some embodiments an exemplary oblique
polyhedral cell may include one or more aspects of a
particular polyhedral configuration. For example, a por-
tion, but not all, of a particular polyhedral configuration
may exist in an exemplary oblique polyhedral cell. Addi-
tionally, or in the alternative, a combination of aspects
from more than one polyhedral configuration may exist
in an exemplary oblique polyhedral cell. In some embod-
iments, one or more aspects of a parallel polyhedral cel-
lular structure may be combined with one or more aspects
of a first oblique polyhedral cellular structure, to yield a
second oblique polyhedral cellular structure.

[0030] Referring to FIG. 4, exemplary oblique polyhe-
dral cellular structures include a frustum, a rhombohe-
dron, an antiprism, a twisted prism, a cupola (including
a star cupola), a wedge, a pyramid, and combinations or
portions of these. By way of example, a frustum may
include a trigonal frustum, a tetragonal frustum, a pen-
tagonal frustum, a hexagonal frustum, a heptagonal frus-
tum, an octagonal frustum, a nonagonal frustum, a de-
cagonal frustum, a hendecagonal frustum, a dodecago-
nal frustum, any other frustal polyhedron, and combina-
tions of these. A frustal polyhedron includes a frustum
combined with another polyhedron, including any of the
aforementioned frustum shapes combined with another
polyhedron. For example, a rhombohedron may be
formed from any rhombus, providing a rhombal polyhe-
dron. As a further example, a rhombohedron may be
combined with a frustum to form a rhombohedral frustum.
[0031] An antiprism includes a polyhedron composed
of a polygonal top face, a polygonal bottom face, and a
sequence of adjacent trigonal lateral faces with alternat-
ing orientations, bisected by the top face and the bottom
face. By way of example, an antiprism may include a
trigonal antiprism, a tetragonal antiprism, a hexagonal
antiprism, an antiprismal polyhedron, and combinations
ofthese. Anantiprismal polyhedron includes an antiprism
combined with another polyhedron. In some embodi-
ments, an antiprism may include an n-sided top face and
an n-sided bottom face. Alternatively, an antiprism may
include an n-sided top face and a bottom face with greater
than or less than n-sided.
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[0032] A twisted prism includes a polyhedron com-
posed of a polygonal top face, a polygonal bottom face,
and a plurality of lateral faces including at least some
lateral faces bisected on a diagonal, with the top face
and the bottom face twisted relative to one another, caus-
ing at least some adjacent lateral faces to be concave
relative to one another. By way of example, a twisted
prism may include a Schonhardt polyhedron, a tetrahe-
dral twisted prism, a hexagonal twisted prism, a twisted
prismal polyhedron, and combinations of these. A twisted
prism has one or more lateral faces bisected on an ad-
jacent diagonal or on a subsequent diagonal. For exam-
ple, FIG. 4 shows a hexagonal twisted prism with lateral
faces bisected on an adjacent diagonal, and a hexagonal
twisted prism with lateral faces bisected on a second di-
agonal. A twisted prismal polyhedron includes a twisted
prism combined with another polyhedron.

[0033] A cupola includes a polyhedron composed of a
polygonal top face, a polygonal bottom face, and a plu-
rality of lateral faces including an alternating sequence
of trigonal lateral faces and tetragonal lateral faces. In
some embodiments, a cupola has a top face with twice
as many edges as that of its bottom face, or vice versa.
By way of example, a cupola includes a trigonal cupola,
which has a tetragonal top face and a hexagonal bottom
face, or a hexagonal top face and a tetragonal bottom
face; and a pentagonal cupola, which has a pentagonal
top face and a decagonal bottom face, or vice versa. A
cupola also includes star cupola, which is a cupola in
which tetragonal lateral faces are replaced with adjacent
concave trigonal lateral faces. Star cupola include a pen-
tagrammic cuploid and a heptagrammic cuploid. A pen-
tagrammic cuploid has a pentagonal bottom face and a
pentagrammic top face, or vice versa. A Heptagrammic
cuploid has a heptagonal top face and a heptagrammic
bottom face, or vice versa. As a further example, a cupola
includes cuploidal configurations with numerous lateral
faces, including configurations which approach frusto-
conical as the number of lateral faces increases. For ex-
ample, a cupola includes an octacontagon, which has
eighty lateral faces. A cupola also includes a cuploidal
polyhedron, which includes a cupola or cuploid combined
with another polyhedron.

[0034] Awedgeincludes apolyhedron with a polygonal
top face and a plurality of polygonal lateral faces that
converge into a line. By way of example, a wedge may
include a tetrahedral wedge, an obtuse wedge, an acute
wedge, and a wedged polyhedron, and combinations of
these. A tetrahedral wedge has two trigonal lateral faces
and two tetragonal lateral faces. The lateral faces are
bisected by a tetragonal plane on one side and converge
into a line on the other. An obtuse wedge converges into
a line that is wider than the opposing tetragonal plane.
An acute wedge converges into a line that is narrower
than the opposing tetragonal plane. A wedged polyhe-
dron includes a wedge combined with another polyhe-
dron.

[0035] A pyramid includes a polyhedron with a polyg-
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onal base bisected by a plurality of trigonal lateral faces
that converge into a point. By way of example, a pyramid
includes a tetragonal pyramid composed of a tetragonal
face bisected by four trigonal lateral faces which con-
verge into a point. A pyramid also includes a star pyramid,
composed of a star polygonal base and a plurality of trig-
onal lateral faces that converge into a point. As an ex-
ample, a star pyramid includes a pentagonal star pyra-
mid.

[0036] Any one or more of these oblique polyhedral
configurations (including combinations or portions there-
of) may be included in various exemplary oblique cellular
structures. For example, FIGs. 5A-5G show an exempla-
ry oblique polyhedral cellular structure 500. An oblique
polyhedral cellular structure 500 includes a plurality of
converging polyhedral cells 502, 212, and a plurality of
diverging polyhedral cells 504, 214, bisected by a top
face 506 and a bottom face 508. Typically the top face
506 and the bottom face 508 are substantially parallel to
one another. Each of the converging or diverging poly-
hedral cells 502, 504 have a plurality of lateral polygonal
faces 509. These lateral polygonal faces include at least
a first lateral face 510 that converges relative to the nor-
mal line 201 and/or relative to at least a second lateral
face 512. Additionally, or in the alterative, the first lateral
face 510 diverges relative to normal line and/or relative
to at least a third lateral face 514. These cells 502, 504
have asymmetry in respect of at least one such converg-
ing or diverging lateral face and/or in respect of a differing
cross-sectional area as between the two substantially
parallel planes (i.e., the top face 506 and the bottom face
508) that bisect the cell.

[0037] Asdiscussedinmore detail herein, the substan-
tially parallel planes 506, 508 may bisect an oblique pol-
yhedral cell as a plane, as a line, or as a point, depending
on the configuration of the particular cell. As a conven-
ience, such a plane, line, or point may sometimes be
referred to more generally as a face. For example, refer-
ring to FIGs. 5A-5G, the top face 506 bisects both the
converging cells 502 and the diverging cells 504 as a
plane, and the bottom face 508 bisects the converging
cells 502 as a line and the diverging cells 504 as a plane.
[0038] In one aspect, the converging polyhedral cells
502 shown in FIGs. 5A-5C reflect aspects of an antiprism
combined with aspects of a wedge. For example, the
converging polyhedral cells 502 include a polygonal (hex-
agonal) top face 506, and similar to an antiprism, a plu-
rality of trigonal lateral faces bisected by a bottom face
508. Similar to a wedge, the bottom face 508 has the
form of a line. In another aspect, the converging polyhe-
dral cells 502 reflect aspects of a "flipped antiprism," that
is, an antiprism that has been twisted 180-degrees about
its vertical axis. As shown in FIG. 5D below, the converg-
ing polyhedral cells 502 have been flipped or twisted at
their midpoints 503. The diverging polyhedral cells 504
shown in FIGs. 5A-5C reflect aspects of an antiprism
combined with aspects of a frustum and/or a cupola. For
example, the diverging polyhedral cells 504 include a po-
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lygonal (hexagonal) top face 506, bisected by a plurality
of lateral faces, which similar to an antiprism have a plu-
rality of adjacent trigonal lateral faces, but also with an
alternating sequence of trigonal lateral faces and tetrago-
nal lateral faces similar to a cupola.

[0039] The plurality of lateral faces that make up a giv-
en cell 502, 504 of the exemplary array are further illus-
trated in FIGs. 5D and 5E. FIG. 5D shows a converging
polyhedral cell 502, projected onto a two-dimensional
space. FIG. 5E similarly shows a two-dimensional pro-
jection of a diverging polyhedral cell 504. As further illus-
trated in FIG. 5D, the exemplary converging cells 502
have ten lateral faces, including a first lateral face 516,
asecond lateral face 518, a third lateral face 520, a fourth
lateral face 522, a fifth lateral face 524, a sixth lateral
face 526, a seventh lateral face 528, an eighth lateral
face 530, a ninth lateral face 532, and a tenth lateral face
534. In this exemplary embodiment, the first, second,
fourth through seventh, ninth, and tenth lateral faces
each converge relative to the normal line 201. These lat-
eral faces also each converge relative to all of the other
lateral faces of the cell. On the other hand, the third and
eighth lateral faces are substantially parallel to the normal
line 201 (and to one another), and are substantially per-
pendicular to the top face 506 and the bottom face 508.
[0040] In one aspect, these ten lateral faces reflect a
flipped antiprism, as a first portion of the lateral faces has
a first sequence of adjacent alternating trigonal lateral
faces 535 that mirrors a second sequence of a second
portion of the lateral faces 537. In particular, the se-
quence of adjacent alternating trigonal lateral faces of
the first through fifth lateral faces 535 mirrors the se-
quence of the sixth through tenth lateral faces 537. Given
this flipped antiprism configuration, the lateral faces con-
verge into a line at the bottom face 508. In this regard,
the converging cells 502 also reflect aspects of a wedge,
or a "flipped antiprism wedge."

[0041] As further illustrated in FIG. 5E, the exemplary
diverging cells 504 also have ten lateral faces, including
a first lateral face 536, a second lateral face 538, a third
lateral face 540, a fourth lateral face 542, a fifth lateral
face 544, a sixth lateral face 546, a seventh lateral face
548, an eighth lateral face 550, a ninth lateral face 552,
and a tenth lateral face 554. In this exemplary embodi-
ment, the first through fourth and sixth through ninth lat-
eral faces each diverge relative to the normal line 201.
These lateral faces also diverge relative to all of the other
lateral faces. On the other hand, the fifth and tenth lateral
faces are substantially parallel to the normal line 201 (and
to one another) and are substantially perpendicular to
the top face 506 and the bottom face 508. In one aspect,
these ten lateral faces reflect a flipped antiprism, with the
middle trigonal lateral plane exchanged for a trapezoid
having an isosceles configuration similar to a lateral
plane in a tetragonal frustum. In another aspect, these
ten lateral facesreflect a cupola combined with a frustum,
as the second and third lateral faces 538, 540 and the
seventh and eighth lateral faces 548, 550 respectively
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converge into a plane, providing a tetragonal bottom face
relative to the hexagonal top face.

[0042] Referring back to FIGs. 3D and 3E, and also to
FIGs. 5F and 5G, a core layer for an acoustic liner is
typically formed using an expansion process, in which
strips of core material are selectively adhered to one an-
other at a multitude of adherence regions located at se-
lected length intervals along respective strips. The strips
are then expanded apart from one another at a multitude
of expansion regions respectively located between the
multitude of adherence regions. FIG. 3D shows a side
view of a strip of pre-expanded core material with a plu-
rality of fold lines 305 configured to form a parallel poly-
hedral cellular structure. FIG. 3E shows a perspective
view of a parallel polyhedral cellular structure formed by
expanding a plurality of strips of core material configured
as shown in FIG. 3D. FIG. 5F shows a side view of a pre-
expanded strip of core material with a plurality of fold
lines 507 configured to form an oblique polyhedral cellu-
lar structure. FIG. 5G shows a perspective view of an
oblique polyhedral cellular structure formed by expand-
ing and/or folding the core material.

[0043] Portions of core material may be cut from a sup-
ply such as a roll. Several of these portions may be se-
lectively adhered to one another at a multitude of adher-
ence regions located at selected length intervals along
respective portions. The portions may be cut to provide
strips which are folded and/or expanded apart from one
another at a multitude of expansion regions respectively
located between the multitude of adherence regions.
When folded and/or expanded, the portions of core ma-
terial shown in FIG. 5F form a core layer having a sub-
stantially flat planar profile, as shown in FIG. 5G. The
plurality of strips of core material in their unfolded state
may exhibit a substantially curvilinear configuration. For
example, as shown in FIG. 5F, the portions or strips of
core material exhibit a generally circular configuration,
attributable to the accumulation of convergence or diver-
gence angles of the respective lateral faces. In other em-
bodiments, the portions or strips of core material may
exhibit an elliptical configuration, a spiral configuration,
awavy or oscillating configuration, a linear configuration,
or combinations of these.

[0044] Numerous additional embodiments of oblique
polyhedral cellular structures or cells are within the spirit
and scope of the present disclosure, any one or more of
which may be provided separately from one another or
in combination with one another. An exemplary oblique
polyhedral cell may include one or more parallel lateral
faces together with one or more converging lateral faces
and/or one or more diverging lateral faces. Additionally,
an exemplary oblique polyhedral cell may exhibit both
converging aspects and diverging aspects, such as one
or more converging lateral faces together with one or
more diverging lateral faces. This may be the case in
various embodiments that include aspects of an anti-
prism, a twisted prism, a rhombohedron, and/or an ob-
tuse wedge. With a converging polyhedral cell, typically
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the top face 506 has alarger surface area than the bottom
face 508. With a diverging polyhedral cell, typically the
bottom face 508 has a larger surface area than the top
face 506.

[0045] Insomeembodiments, however, the surface ar-
ea of a top face 506 of an exemplary polyhedral cell may
be the same as the surface area of a bottom face 508.
This is possible where a cell has a combination of con-
verging lateral faces and diverging lateral faces. For ex-
ample, an oblique polyhedral cell that has aspects of an
antiprism and/or aspects of a twisted prism may be pro-
vided in which the top face and the bottom face have the
same surface area, while the lateral faces include a com-
bination of converging lateral faces and diverging lateral
faces. In some embodiments, oblique polyhedral cells
may be combined or intermixed with parallel polyhedral
cells (See, e.g. FIG. 14). In some embodiments, an ob-
lique polyhedral cell may have a differing cross-sectional
area as between the two substantially parallel planes that
bisect the cell. Also, in some embodiments an oblique
polyhedral cell may have an increased surface area rel-
ative to the surface area of the most geometrically similar
right prism.

Dimensional and Proportional Relationships of Oblique
Cellular Structures

[0046] In addition to the numerous various oblique pol-
yhedral structures discussed above, also presently dis-
closed are numerous various dimensions or relative pro-
portions for these structures. In one aspect, dimensions
of oblique polyhedral cells may be modified, and in an-
other aspect a proportional relationship between various
cell configurations (e.g. between converging cells and
diverging cells) in an array can be modified. In yetanother
aspect, different combinations of cells can be provided
in an array, and the dimensions or relative proportions
of the different cells in an array can be modified. Any one
or more of these aspects may be selected to obtain de-
sired acoustic damping or attenuation properties of the
core layer or portions thereof.

[0047] The dimensions of an oblique polyhedral cell
can be described by a degree of convergence of the cell.
This degree of convergence can be described by a frus-
tum factor, 5 (delta) as follows: 6 = (Pgg - PrF) / (Pge +
Pgg), where Pgg is the perimeter of the bottom face and
P1r is the perimeter of the top face. FIGs. 6A-6C show
three differentarrays of oblique polyhedral cells 600, 602,
604 that each have a generally similar arrangement of
converging cells and diverging cells relative to one an-
other, but with different frustum factors. A frustum factor
may describe how closely an oblique polyhedral cell re-
flects aspects of a pyramid or wedge versus a parallel
polyhedral cell. As will be appreciated, a wedge or pyr-
amid has a frustum factor of 1.0 or -1.0 depending on its
orientation. Conversely, a right prism has a frustum factor
of zero. Thus, parallel polyhedral cells have a frustum
factor of zero, and oblique polyhedral cells have a frustum
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factor ranging from greater than zero to 1.0 or less than
zero to -1.0.

[0048] The array of oblique polyhedral cells 600 shown
in FIG. 6A have asimilar configuration as the array shown
in FIGs. 5A-5G. The array 600 in FIG. 6A includes con-
verging cells 606 that have a flipped antiprism configu-
ration, as the lateral faces converge into a line ata bottom
face 608. This configuration is similar to the configuration
shown in FIG. 5A. These cells have a frustum factor of
zero, which corresponds to the wedge-like aspects of the
cells. The array 602 in FIG. 6B includes converging cells
610 that also have a flipped antiprism configuration, but
rather than converging into a line, the lateral faces are
bisected by abottom face 612. These cells reflect aspects
of a flipped antiprism; but by way of comparison, the cells
in Fig. 6B have two opposing tetragonal lateral faces 618,
620 in place of the opposing trigonal lateral faces 614,
616 of the cells in FIG. 6A. The converging cells 610 in
FIG. 6B therefore also reflect aspects of a frustum, or a
"flipped antiprism frustum." The array of cells 604 in FIG.
6C include converging cells 622 that have a similar con-
figuration to the converging cells 610 in FIG. 6B, but with
a relatively larger frustum factor.

[0049] The convergingcells610in FIG. 6B have afrus-
tum factor of about -0.2 (the relative proportion of the
bottom face perimeter to the top face perimeter being
about 2:3). In comparison, the converging cells 622 in
FIG. 6C have a frustum factor of about -0.14 (the relative
proportion of the bottom face perimeter to the top face
perimeter being about 3:4). While these examples ad-
dress converging cells, the same comparisons may be
made for diverging cells. In some embodiments, an an-
tiprism and/or a twisted prism may have a frustum factor
of 1.0. Accordingly, polyhedral cells may be configured
with aspects of an antiprism and/or of a twisted prism to
provide converging cells or diverging cells that have a
frustum factor of 1.0.

[0050] In some embodiments, these oblique polyhe-
dral cells may be configured to provide an increased sur-
face areafora given volumerelative to parallel polyhedral
cells. Without being bound to any theory, it is believed
that such an increase in surface area relative to volume
improves the attenuation or damping properties of the
cells relative to parallel polyhedral cells. As an example,
a star cupola may have a frustum factor of greater than
1.0. This is because the perimeter of a star polygon ex-
ceeds the perimeter of a corresponding polygon. Accord-
ingly, polyhedral cells may be configured with aspects of
a star cupola to provide converging cells or diverging
cells that have a frustum factor of greater than 1.0.
[0051] Inaddition to the degree of convergence and/or
a degree of divergence described by a frustum factor
discussed above, the dimensions of an oblique polyhe-
dral cell can be described by the proportional relationship
between various cell configurations in an array. This pro-
portional relationship can be described by a facing factor,
co (omega), which describes the proportion of the facing
surface area of a given region of an array occupied by
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converging cells relative to the facing surface, or by the
proportion of the facing surface area occupied by diverg-
ing cells relative to the facing surface. This facing factor,
co (omega) is calculated as follows: ® = [(S¢ - Sp) / S+l
X [(S¢ + Sp) / Sql, where Sc is the proportion of the
surface area in the given region of the array occupied by
converging cells relative to the facing surface, Sy is the
proportion of the surface area in the given region of the
array occupied by diverging cells relative to the facing
surface, and Sy is the total surface area of the given re-
gion of the array. Where a cell has both converging and
diverging aspects, the facing factor can be calculated by
fragmenting those cells into their respective converging
and diverging portions. It will be appreciated that a facing
factor will approach 1.0 as a facing surface of an array
is occupied by an increasingly larger proportion of con-
verging cells. Conversely, a facing factor will approach
-1.0 as a facing surface of an array is occupied by an
increasingly larger proportion of diverging cells. Addition-
ally, it will be appreciated that a facing factor will be re-
duced proportionally for the portion of a given region of
an array that is not occupied by converging cells or di-
verging cells such as a region occupied by parallel cells.
[0052] Exemplary core layers exhibiting various com-
binations of frustum factors and facing factors are shown
in FIGs. 7A-7C, 7D-7F, and 7G-7I. For example, FIGs.
7A-7C respectively show a top perspective view, a side
view, and a bottom perspective view of an exemplary
cellular structure 700 with a facing factor of 0.5 on the
top face 702, and a facing factor of -1.0 on the bottom
face 704. The cellular structure includes converging cells
706 and diverging cells 708. The surface area of the con-
verging cells 706 occupies about 75% of the top face 702
and about 0% of the bottom face. The surface area of
the diverging cells occupies about 25% of the top face
702 and about 100% of the bottom face 704. The con-
verging cells 706 in the core layer shown in FIGs. 7A-7C
have a frustum factor of about-0.5 (the relative proportion
of the bottom face perimeter to the top face perimeter
being about 2:6). By comparison, the exemplary core lay-
er shown in FIGs. 5A-5C has a facing factor of 0.0 on the
top face, as the converging cells 502 and the diverging
cells 504 each occupy about 50% the surface area of top
face.

[0053] FIGs. 7D-7F respectively show a top perspec-
tive view, a side view, and a bottom perspective view of
yet another exemplary cellular structure 710. In this ex-
emplary embodiment, the facing factor of the top face
712 has been maximized for the particular orientation of
the cells in FIGs. 7A-7L. By way of illustration, the facing
factor was maximized in this exemplary cellular structure
by increasing the frustum factor of the cells until the top
face of the diverging cells 714 reduced from a hexagon
to a tetragon. FIGs. 7G-7I respectively show a top per-
spective view, a side view, and a bottom perspective view
of yet another exemplary cellular structure 716, that has
an increased frustum factor for the diverging cells 718.
Theincreased frustum factor provides diverging cells 718
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that substantially inversely mirror the adjacent converg-
ing cells 720. While the frustum factors are not identical
as between the diverging cells 718 and the converging
cells 720, the bottom face 722 of the diverging cells 718
has been increased from a tetragon to a hexagon, for
example, relative to the diverging cells in FIGs. 7A-7D.
As such, the converging cells 720 and the diverging cells
718 approximately inversely mirror one another.

[0054] Accordingly, a core layer may be configured
with differently shaped cells for use in different acoustic
environments. In some embodiments, an acoustic liner
may be provided with a core layer that includes an array
of oblique polyhedral cells with a plurality of different cell
configurations. For example, in some embodiments a
core layer may include an array of cells that exhibits a
plurality of different frustum factors and/or facing factors
as between various portions of the array. In some em-
bodiments, a frustum factor and/or a facing factor may
vary translationally in one or more directions across an
array of cells. As discussed above with respect to FIGs.
5F and 5G, strips of core material may be provided that
exhibit a generally circular configuration, which when
folded and/or expanded provide a generally flat planar
profile. Similarly, FIGs. 8A and 8B show additional ex-
emplary strips of core material 800, 802, each with a plu-
rality of fold lines 801, 803, which may be folded or ex-
panded to provide a generally flat planar profile. These
strips 800, 802, however, are configured to provide a
frustum factor and/or a facing factor that varies transla-
tionally across the array of cells. As such, the strips ex-
hibit a spiral configuration which corresponds to the var-
ying frustum factor and/or facing factor. FIG. 8C shows
an array of oblique polyhedral cells 802 formed from a
plurality of the strips of core material shown in FIG. 8B.
In some embodiments, the array shown in FIG. 8C may
exhibit a first frustum factor at a first region 804 of the
array, and a second frustum factor at a second region
806 of the array. Additionally or in the alternative, the
array shown in FIG. 8C may exhibit a first facing factor
at a first region 804 of the array, and a second facing
factor at a second region 806 of the array. Likewise, in
some embodiments strips of core material may exhibit a
wavy or oscillating configuration or a combination of con-
figuration. Strips with these kinds of configurations may,
when folded or expanded, provide an array of cells with
a generally flat planer profile. This may be accomplished
by coordinating the configuration of the strips of core ma-
terial with the desired planar configuration obtained by
folding and/or expanding the strips.

[0055] Conversely, in some embodiments, curvilinear
planar arrays of core material may be provided by coor-
dinating the configuration of the strips of core material
with the desired curvilinear planar profile. For example,
a curvilinear planar array of cells may be provided from
substantially linear strips of core material that are con-
figured to be folded or expanded to provide oblique pol-
yhedral cells. In some embodiments, oblique polyhedral
cells such as those shown in FIGs. 5D, 8A, or 8B may
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be provided from substantially linear strips of core mate-
rial. When folded or expanded, these exemplary linear
strips would respectively provide arrays of cells with a
curvilinear planar profile substantially corresponding to
the profile of the curvilinear strips of core material shown
in FIGs. 5D, 8A, or 8B. Curvilinear arrays such as these
may be useful for providing acoustic liners that have cur-
vilinear profiles such as shown in FIG. 2B. A curvilinear
planar profile may be selected that corresponds to a
curved surface where the acoustic liner will be installed,
such as a profile of a nacelle 102 as shown in FIG. 1.
Additionally, in some embodiments, an array of cells may
be provided that exhibits both a curvilinear profile togeth-
er with a frustum factor and/or a facing factor that varies
translationally across the array of cells. In this manner,
an array of cells may be provided that includes different
cell configurations to address varying acoustic environ-
ments where an acoustic liner containing the array will
be installed, as well as a curvilinear planar profile that
corresponds to a curved surface where the acoustic liner
will be installed.

Configurations of Core Material Strips and Correspond-
ing Cellular Structures

[0056] It will be appreciated thatin some embodiments
it may be advantageous to avoid waste or unused mate-
rial when cutting strips of core material from a larger sup-
ply of core material. In some embodiments, strips of core
material having a circular, spiral, or curvilinear configu-
ration may result in waste or unused material. However,
in some embodiments strips of core material can be cut
from a larger supply of core material such as a roll to
provide oblique polyhedral cellular structures that reduce
waste material.

Wavy Strips and Oblique Cells Formed Therefrom

[0057] For example, in some embodiments oblique
polyhedral cells may be cut from wavy or oscillating strips
of core material configured such that the respective edg-
es of subsequently cut strips align with one another (e.g.
FIGs. 9A-9E, and 10A-10D). Additionally, in some em-
bodiments oblique polyhedral cells may be cutfrom linear
strips of core material (e.g., FIGs. 11A-11C, 12A-12C,
and 13A-13D). In various embodiments, adjacent cells
ofan array or cellular structure may abut with one another
at their respective adjacent lateral edges, corners, face
edges, and/or lateral faces, as shown in FIGs. 9A-9E,
10A-10D, 11A-11C, 12A-12C, and 13A-13D. The strips
of core material may be configured to provide such ad-
jacent and abutting lateral edges, corners, face edges,
lateral faces, or combinations thereof.

[0058] FIGs. 9A-9C show an exemplary embodiment
utilizing wavy or oscillating strips of core material to pro-
vide an array of oblique polyhedral cells with adjacent
and abutting lateral edges and corners. Figure 9A shows
an exemplary pre-expanded strip of core material 900
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with a plurality of fold lines 901. Several of these strips
may be selectively adhered to one another, and then fold-
ed and/or expanded to form the array of oblique polyhe-
dral cells as shown in FIGs. 9B and 9C. The array of cells
shown in FIGs. 9B and 9C includes converging cells 902
and diverging cells 904 which are adjacent to and abut-
ting one another at sides of the cells. Additionally, the
array includes bowtie shaped cells 906, 908 which are
adjacent to and abutting converging cells and diverging
cells at corners and lateral edges. These bowtie shaped
cells include both converging and diverging aspects.
[0059] FIG. 9D provides a cross-sectional view of the
array shown in FIGs. 9B and 9C, which further illustrates
the bowtie shaped cells, as well as the orientation of the
various cells relative to one another. The cross-section
may reflect the bottom face 910 or the top face 912 of
the cells. Figure 9E shows a cross-sectional view of the
top face 912 translated onto a cross-sectional view of the
bottom face 910.

[0060] FIGs.10A and 10B show an exemplary embod-
iment utilizing wavy or oscillating strips of core material
to provide an array of oblique polyhedral cells with adja-
cent and abutting lateral edges and face edges. Figure
10A shows a cross-sectional view of an exemplary array
of oblique polyhedral cells 1000. The cross-sectional
view shows the top face of the cells (solid lines) translated
onto the bottom face of the cells (dashed lines). Figure
10B shows a side view of the exemplary array 1000
shown in FIG. 10A. The array includes a plurality of con-
verging cells 1002 and a plurality of diverging cells 1004.
The converging cells 1002 have adjacent lateral faces
abutting one another at a lateral top face edge 1006. The
diverging cells 1004 have adjacent lateral edges abutting
one another at a lateral bottom face edge 1008. The con-
verging cells 1002 abut with the diverging cells 1004 at
adjacent side edges spanning from the top face 1010 to
the bottom face 1012. The array shown in FIGs. 10A and
10B further includes bowtie shaped cells 1014, 1016,
which have both converging and diverging aspects. The
bowtie shaped cells 1014, 1016 have a top edge that
corresponds to the adjacent abutting lateral edges 1006,
1008 of the diverging cells and converging cells. Bowtie
shaped cells 1014 that share a top edge with the adjacent
abutting lateral edges 1008 of the diverging cells may be
described as converging bowtie shaped cells because
they are located inversely to diverging cells 1004. Like-
wise, bowtie shaped cells 1016 that share a top edge
with the adjacent abutting lateral edges 1006 of the con-
verging cells may be described as diverging bowtie
shaped cells because they are located inversely to con-
verging cells 1002.

[0061] In addition to the array of cells with adjacent
lateral edges such as the cells shown in FIGs. 10A and
10B, an array of cells also may be formed from wavy or
oscillating strips of core material to provide adjacent and
abutting lateral faces, for example, as shown in FIGs.
10C and 10D. Figure 10C shows a cross-sectional view
of an exemplary array of oblique polyhedral cells 1018.
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The cross-sectional view shows the top face of the cells
(solid lines) translated onto the bottom face of the cells
(dashed lines). Figure 10D shows a side view of the array
of cells shown in FIG. 10C. The array includes a plurality
of converging cells 1020 and a plurality of diverging cells
1022. As with the array of cells shown in FIGs. 10A and
10B, the array shown in FIGs. 10C and 10D similarly
have converging cells 1020 with adjacent lateral faces
abutting one another at a lateral top edge 1024, and di-
verging cells 1022 with adjacent lateral edges abutting
one another at a lateral bottom edge 1026. The array
shown in FIGs. 10C and 10D also similarly includes bow-
tie shaped cells, 1028, 1030. The converging bowtie
shaped cells 1028 have a top edge that corresponds to
the adjacent abutting lateral edges 1026 of the diverging
cells. The diverging bowtie shaped cells 1030 similarly
have atop edge that corresponds to the adjacent abutting
lateral edges 1024 of the converging cells. However, in
contrast with the bowtie shaped cells in FIGs. 10A and
10B, the bowtie shaped cells in FIGs. 10C and 10D have
adjacentand abutting lateral faces 1032 located between
adjacent spanning from the top face 1034 to the bottom
face 1036. These adjacent and abutting lateral faces
1032 are located between neighboring converging cells
1020 and diverging cells 1022.

Linear Strips and Oblique Cells Formed Therefrom

[0062] In some embodiments, a core layer may be
formed from linear strips of core material, as shown in
Figs. 11A-11C, 12A-12C, and 13A-13D. Referring to
FIGs. 11A-11C, in some embodiments a core layer may
be formed from a plurality of linear strips of core material
that have different configurations. Differently configured
linear strips of core material may be combined together
to form an array of oblique polyhedral cells 1100. FIGs.
11A and 11B respectively show a first linear strip of core
material 1102 and a second linear strip of core material
1104 which may be used together to form the exemplary
array 1100 shown in FIG. 11C. The first linear strip of
core material 1102 has a linear configuration without fold
lines, and the second linear strip of core material 1104
has a linear configuration with a plurality of fold lines
1105. The array 1100 formed from the plurality of differ-
ently configured linear strips 1102, 1104 includes con-
verging cells 1106 and diverging cells 1108. As shown
in FIG. 11C, the cells are bisected by a top face 1110
and a bottom face 1112. It will be appreciated, however,
that cells could be extended until the lateral faces con-
verge into a line. Such lateral faces converging into aline
would correspond to a facing factor of 1.0 for the con-
verging cells, and a facing factor of -1.0 for the diverging
cells. Both the converging cells and the diverging cells
reflect aspects of a tetragonal frustum and aspects of a
tetrahedral wedge. In other embodiments, cells having
any other configuration may be formed using a plurality
of different strips of core material in accordance with the
present disclosure. For example, cells having aspects of
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a frustum, an antiprism, a twisted prism, a cupola, a
wedge, a pyramid, a rhombohedron and combinations
of these may be formed from a plurality of different strips
of core material.

[0063] Now turning to Figs. 12A-12C, in some embod-
iments, an array of oblique polyhedral cells may be
formed from several linear strip of core material that have
a common configuration. In some embodiments, the ar-
ray may include converging cells with one or more lateral
faces respectively adjacent to and abutting correspond-
ing lateral faces of diverging cells. As an example, FIG.
12A shows an exemplary linear strip of core material
1200 with a plurality of fold lines 1201. A plurality of these
linear strips of core material 1200 may be combined to
form an exemplary array of oblique polyhedral cells. As
shown in FIGs. 12A and 12B, an exemplary array of cells
formed from the core material 1200 shown in FIG. 12A
includes converging cells 1202 and diverging cells 1204.
These cells inversely mirror one another, or, in other
words, the converging cells 1202 reflect the diverging
cells 1204 turned upside down, and vice versa. The array
includes converging cells 1202 that have adjacent and
abutting lateral faces 1206, and diverging cells 1204 that
have adjacent and abutting lateral faces 1208. The array
additionally includes substantially rhombohedral cells
1210 positioned between each pair of converging cells
and diverging cells. These converging cells 1202 and
diverging cells 1204 exhibit aspects of an antiprism com-
bined with aspects of a frustum. For example, in one as-
pect these cells include a plurality of adjacent trigonal
lateral faces of an antiprism together with converging or
diverging aspects of a frustum. In another aspect, cells
like these reflect aspects of a "frustal polyhedron" or a
"frustal antiprism."

[0064] Figures 13A-13D show another exemplary ar-
ray of oblique polyhedral cells formed from commonly
configured linear strips of core material 1300. The array
has alternating converging cells 1302 and diverging cells
1304 that have adjacent and abutting lateral faces. The
converging cells 1302 have adjacent and abutting lateral
faces 1306 (Fig. 13B), and the diverging cells 1304 have
adjacent and abutting lateral faces 1308 (Fig. 13D). In
one aspect, these cells include aspects of a plurality of
adjacent trigonal lateral faces of an antiprism together
with converging or diverging aspects of a frustum. In an-
other aspect, cells like these reflect aspects of a "frustal
polyhedron" or a "frustal antiprism."

[0065] The presentdisclosure provides numerous con-
figurations for cellular structures that may be included in
a core layer. It will be appreciated that numerous addi-
tional configurations are within the spirit and scope of the
present disclosure. In some embodiments, an array of
polyhedral cells may include a combination of differently
configured cells. The combination may include both ob-
lique polyhedral cells and parallel polyhedral cells, and
various different configurations of these. For example,
FIG. 14 shows a perspective view of an exemplary core
material 1400 that has a combination of differently con-
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figured cells. This core material includes converging pol-
yhedral cells 1402 having a first configuration, and di-
verging polyhedral cells 1404 having a first configuration.
The core material further includes converging polyhedral
cells 1406 having a second configuration, and diverging
polyhedral cells 1408 having a second configuration. As
shown in FIG. 14, in some embodiments a core material
may further include converging polyhedral cells 1410
having a third configuration, and in some embodiments
may even include further converging polyhedral cells
1412 having a fourth configuration. Similarly, a core ma-
terial may further include diverging polyhedral cells 1414
having a third configuration, and in some embodiments
may even include further diverging polyhedral cells 1416
having a fourth configuration. In some embodiments, a
core material also may include parallel polyhedral cells
1418. The parallel polyhedral cells may be combined with
oblique polyhedral cells in any desired configuration. For
example, as shown in FIG. 14, the parallel polyhedral
cells may be adjacent to converging cells 1414, 1416.
Alternatively, or in addition, parallel polyhedral cells may
be adjacent to diverging cells.

Fabrication Methods

[0066] The present disclosure additionally embraces
methods of forming acoustic liners and oblique polyhe-
dral cellular structures. Additionally, the present disclo-
sure embraces methods of attenuating noise from a
source generating a sound wave stream that may be per-
formed using the acoustic liners and oblique polyhedral
cellular structures described herein.

[0067] FIG. 15A shows a flow chart of an exemplary
method 1500 of forming a core layer that has an oblique
polyhedral cellular structure. The method 1500 com-
mences with forming a plurality of strips of core material
1502 and selectively adhering the plurality of strips of
core material to one another 1504. The plurality of strips
may be selectively adhered to one another at a multitude
of adherence regions located at selected length intervals
along respective strips. The method 1500 continues with
concurrently or subsequently folding each of the plurality
of strips of core material 1506. The respective strips of
core material are thereby separated from one another or
expanded at a multitude of expansion regions respec-
tively located between the multitude of adherence re-
gions, providing an array of oblique polyhedral cellular
structures. As an example, the strips may be configured
in accordance with the present disclosure to provide an
array that includes a plurality of converging polyhedral
cells, and a plurality of diverging polyhedral cells.
[0068] Figure 15B shows a flow chart of an exemplary
method 1508 of forming an acoustic liner using the core
layer of FIG. 15A. The method 1508 includes attaching
a face sheet to a core layer that includes an array of
oblique polyhedral cellular structures 1510, and attach-
ing a back sheet to the core layer that includes the array
of oblique polyhedral cellular structures 1512. As an ex-
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ample, the array include a plurality of converging poly-
hedral cells, and a plurality of diverging polyhedral cells.
[0069] Figure 16 shows a flow chart of an exemplary
method 1600 of attenuating noise from a source gener-
ating a sound wave stream that may be performed using
the acoustic liners and oblique polyhedral cellular struc-
tures of the present disclosure. The method 1600 com-
mences with receiving a sound wave stream including a
plurality of frequency components at a first surface of a
core layer of an acoustic structure 1602. The acoustic
structure may be a core layer and/or an acoustic liner
formed in accordance with the method of FIG. 15A and/or
15B. In some embodiments, the acoustic structure may
be the core layer formed in accordance with the method
of FIG. 15A. The method continues with reflecting the
sound wave stream from a first surface of an oblique
polyhedral cell to a second surface of the oblique poly-
hedral cell 1604 and at least partially canceling at least
some of the plurality of frequency components based on
the reflecting 1606. The method results in absorbing a
portion of an energy content of the reflected sound wave
stream at each reflection 1608.

Other Embodiments

[0070] It is understood from the foregoing description
and associated figures that the shapes and configura-
tions of the oblique polyhedral cellular structures are pre-
sented by way of example, and not in a limiting sense.
Other sound wave absorptive properties and acoustic
operational characteristics may be achieved using fur-
ther variations of the core materials and acoustic liner
including, without limitation, positioning of a second,
third, and/or fourth layer of core material that has oblique
polyhedral cells in relation to afirst layer of core material.
Such other embodiments utilized for core layers of acous-
tic liners and acoustic structures not having face sheets
and back sheets still fall within the scope of the present
disclosure for realizing acoustic suppression of greater
numbers of frequencies relative to parallel acoustic struc-
tures with single degree of freedom (SDOF) and two de-
gree of freedom (2DOF) core layers. Further, the above-
described structures, systems and methods are not lim-
ited to the specific embodiments described herein, but
rather, components of systems or steps of the methods
may be utilized independently and separately from other
components or steps described herein. For example, the
acoustic structures having the above-described core lay-
ers may also be used in applications in addition to turbine
engines, such as in vehicles, other engines, and in any
number of other environments where the presently dis-
closed acoustic structures may be desirable for noise
suppression (e.g., noise attenuation and damping). Ad-
ditionally, the presently disclosed acoustic structures
may be used in combination with any number of other
sound wave absorption systems and methods.

[0071] Additionally, it should be understood that while
typically the cellular structures disclosed herein are hol-
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low, in some embodiments a foam material may be used
within or surrounding the cellular structures of a core layer
in an acoustic liner. Such foam material may facilitate the
acoustic performance of the acoustic liner and or the
structural strength of the acoustic liner.

[0072] It is understood that the terms "top" and "bot-
tom" and the like are used herein for convenience, and
that the acoustic structures described herein may be po-
sitioned in any orientation or configuration, including a
backwards, opposite, or upside-down orientation or con-
figuration.

[0073] While folding or expansion techniques may be
particularly suitable for forming acoustic structures de-
scribed herein, it is understood that any process or tech-
nique may be used to form these structures, including
but not limited to a unitary additive manufacturing proc-
ess. Such an "additive manufacturing" process includes
any process which results in a three-dimensional (3D)
object and includes a step of sequentially forming the
shape of the object one layer at a time. Additive manu-
facturing processes include, for example, 3D printing, la-
ser-net-shape manufacturing, direct laser sintering, di-
rectlaser melting, selective laser sintering (SLS), plasma
transferred arc, freeform fabrication, stereolithography
(SLA), and the like. Additive manufacturing processes
can employ liquid materials, solid materials, powder ma-
terials, or wire as a raw material. Moreover, additive man-
ufacturing processes can generally relate to a rapid way
to manufacture an object (article, component, part, prod-
uct, etc.) where a plurality of thin unit layers are sequen-
tially formed to produce the object. For example, layers
of a liquid material may be provided (e.g., laid down) and
irradiated with an energy beam (e.g., laser beam) so that
each layer are sequentially cured to solidify the layer.
Additionally, the acoustic structures described herein
may be formed using other processes, such as, but not
limited to, casting or injection molding or electroforming,
or coldspray.

[0074] Although specific features of various embodi-
ments of the disclosure may be shown in some drawings
and not in others, this is for convenience only. In accord-
ance with the principles of the disclosure, any feature of
a drawing may be referenced and/or claimed in combi-
nation with any feature of any other drawing.

[0075] As used herein, the terms "first," "second,"
"third," and the like may be used interchangeably to dis-
tinguish one aspect or feature from another. Such terms
are not intended to signify location or importance of the
respective aspects or features.

[0076] The various aspects, features, and embodi-
ments disclosed herein illustratively describe exemplary
embodiments and are not intended to be limiting. Other
aspects, features, and embodiments will be apparent to
those skilled in the art. Itis intended that the scope of the
present invention be defined by the following claims and
their equivalents:

[0077] Various aspects and embodiments of the
present invention are defined by the following numbered
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clauses:

1. An acoustic liner comprising:

a core layer comprising a plurality of strips of core
material folded to form an array of oblique polyhedral
cellular structures, the array of oblique polyhedral
cellular structures comprising:

a plurality of converging polyhedral cells; and
a plurality of diverging polyhedral cells.

2. The acoustic liner of clause 1, further comprising:
a face sheet; and

a back sheet, wherein the core layer is posi-
tioned between the face sheet and the back
sheet.

3. The acoustic liner of any preceding clause, where-
in the array of oblique polyhedral cellular structures
comprises oblique polyhedral cellular structures
combined with parallel polyhedral cellular structures,
the parallel polyhedral cellular structures comprising
a right prism.

4. The acoustic liner of any preceding clause, where-
in at least some of the converging polyhedral cells
and/or at least some of the diverging polyhedral cells
comprise a pyramid or wedge.

5. The acousticliner of any preceding clause, where-
in at least some of the converging polyhedral cells
and/or at least some of the diverging polyhedral cells
comprise a frustum or a frustal polyhedron.

6. The acoustic liner of any preceding clause, where-
in the frustum or frustal polyhedron comprises: a trig-
onal frustum, a tetragonal frustum, a pentagonal
frustum, a hexagonal frustum, a heptagonal frustum,
an octagonal frustum, a nonagonal frustum, a de-
cagonal frustum, a hendecagonal frustum, or a do-
decagonal frustum.

7. The acoustic liner of any preceding clause, where-
in at least some of the converging polyhedral cells
comprise a frustum factor of less than 1.0 and/or at
least some of the diverging polyhedral cells comprise
a frustum factor of greater than 1.0.

8. The acousticliner of any preceding clause, where-
in at least some of the converging polyhedral cells
and/or at least some of the diverging polyhedral cells
comprise at least one lateral face perpendicular to a
top face and/or a bottom face of the converging or
diverging polyhedral cells, the top face oriented to-
wards the inside surface of the face sheet and the
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bottom face oriented towards the inside surface of
the back sheet.

9. The acousticliner of any preceding clause, where-
in at least a portion of the acoustic liner comprises
aflat planar profile and/or a curvilinear planar profile.

10. The acoustic liner of any preceding clause,
wherein at least some of the converging polyhedral
cells comprise a convergence angle of within arange
from 1 to 30 degrees.

11. The acoustic liner of any preceding clause,
wherein:

at least some of the converging polyhedral cells
comprise a hexagonal top face; and

at least some of the diverging polyhedral cells
comprise a tetragonal bottom face.

12. The acoustic liner of any preceding clause,
wherein:

atleast some of the converging polyhedral cells com-
prise a plurality of lateral faces bisected by a hexag-
onal bottom face.

13. The acoustic liner of any preceding clause,
wherein:

atleast some of the converging polyhedral cells com-
prise a plurality of lateral faces converging at a lateral
bottom edge.

14. The acoustic liner of any preceding clause,
wherein:

at least some of the diverging polyhedral cells com-
prise a plurality of lateral faces bisected by a hexag-
onal top face.

15. The acoustic liner of any preceding clause,
wherein:

at least some of the diverging polyhedral cells com-
prise a plurality of lateral faces bisected by a tetrago-
nal bottom face.

16. The acoustic liner of any preceding clause,
wherein the plurality of strips of core material in their
unfolded state exhibit one or more of a linear config-
uration, or a curvilinear configuration, the curvilinear
configuration comprising one or more of a circular
configuration, and elliptical configuration, a spiral
configuration, and an oscillating configuration.

17. The acoustic liner of any preceding clause,
wherein the core material comprises one or more of

a synthetic fiber and a metal alloy.

18. The acoustic liner of any preceding clause,
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wherein the synthetic fiber comprises one or more
of: aramid fiber, meta-aramid fiber, para-aramid fib-
er, carbon fiber, polyethylene fiber, rayon, polyester,
and nylon.

19. A turbomachine comprising:
a turbine; and

a nacelle surrounding the turbine, the nacelle
defining an inlet and a fan duct having a duct
inner wall; and

one or more acoustic liners disposed annularly
along the ductinner wall, at least one of the one
or more acoustic liners comprising a core layer
having a plurality of strips of core material folded
to form an array of oblique polyhedral cellular
structures, the array of oblique polyhedral cel-
lular structures comprising:

a plurality of converging polyhedral cells;
and

a plurality of diverging polyhedral cells.

20. A method of forming a core layer for use in an
acoustic liner, the method comprising:

forming a plurality of strips of core material;

selectively adhering the plurality of strips of core
material to one another at a multitude of adher-
enceregions located at selected length intervals
along respective strips; and

concurrently or subsequently folding each of the
plurality of strips of core material, thereby sep-
arating the respective strips of core material
from one another at a multitude of expansion
regions respectively located between the multi-
tude of adherence regions, to form an array of
oblique polyhedral cellular structures, the array
of oblique polyhedral cellular structures com-
prising:

a plurality of converging polyhedral cells; and

a plurality of diverging polyhedral cells.

Claims

An acoustic liner (118) comprising:

a core layer (200) comprising a plurality of strips of
core material (500, 800, 802, 900, 1102, 1104, 1200,
1300) folded to form an array of oblique polyhedral
cellular structures (200), the array comprising:
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a plurality of converging polyhedral cells (212);
and
a plurality of diverging polyhedral cells (214).

The acoustic liner (118) of claim 1, further compris-
ing:

a face sheet (202); and

a back sheet (204), wherein the core layer (200)
is positioned between the face sheet (202) and
the back sheet (204).

The acoustic liner (118) of either of claim 1 or 2,
wherein the array comprises oblique polyhedral cel-
lular structures (200) combined with parallel polyhe-
dral cellular structures (300), the parallel polyhedral
cellular structures (300) comprising a right prism or
a substantially right prism.

The acoustic liner (118) of any preceding claim,
wherein at least some of the converging polyhedral
cells (212) and/or at least some of the diverging pol-
yhedral cells (214) comprise a pyramid or wedge.

The acoustic liner (118) of any preceding claim,
wherein at least some of the converging polyhedral
cells (212) and/or at least some of the diverging pol-
yhedral cells (214) comprise a frustum or a substan-
tially frustal polyhedron.

The acoustic liner (118) of claim 5, wherein the frus-
tum or substantially frutstal polyhedron is selected
from the group consisting of: trigonal, tetragonal,
pentagonal, hexagonal, heptagonal, octagonal, non-
agonal, decagonal, hendecagonal, and dodecago-
nal.

The acoustic liner (118) of either of claim 5 or 6,
wherein at least some of the converging polyhedral
cells (212) comprise a frustum factor of less than 1.0
and/or at least some of the diverging polyhedral cel-
lular structures comprise a frustum factor of greater
than 1.0.

The acoustic liner (118) of claim 2 or any claim de-
pendent thereon, wherein at least some of the con-
verging polyhedral cells (212) and/or at least some
of the diverging polyhedral cells (214) comprise at
least one lateral face (520, 530) perpendicular to a
top face (506) and/or a bottom face (508) of the pol-
yhedral cells, the top face (506) oriented towards the
face sheet (202) and the bottom face (508) oriented
towards the back sheet (204).

The acoustic liner (118) of any preceding claim,
wherein at least a portion of the acoustic liner (118)
is configured to conform to a substantially flat plane
and/or a curvilinear plane.
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10.

1.

12.

13.

14.

15.

32

The acoustic liner (118) of any preceding claim,
wherein at least some of the converging polyhedral
cells (212) comprise a convergence angle of within
a range from 1 to 30 degrees.

The acoustic liner (118) of any preceding claim,
wherein:

at least some of the converging polyhedral cells
(212) comprise a hexagonal top face (506); and
at least some of the diverging polyhedral cells
(214) comprise a tetragonal bottom face (508).

The acoustic liner (118) of claim 11, wherein:

at least some of the converging polyhedral cells
(212) comprise a plurality of lateral faces (516, 518)
bisected by a hexagonal bottom face (508).

The acoustic liner (118) of claim 11, wherein:

at least some of the converging polyhedral cells
(212) comprise a plurality of lateral faces (516, 518)
converging at a bottom edge.

A turbomachine (100) comprising:

a turbine (104); and

a nacelle (102) surrounding the turbine (104),
the nacelle (102) defining an inlet (110) and a
fan duct having a duct inner wall (112); and
one or more acoustic liners (118) disposed an-
nularly along the duct inner wall (112), at least
one of the one or more acoustic liners (118) be-
ing in accordance with any of claims 1 to 13.

A method of forming a core layer (200) for use in an
acoustic liner (118), the method comprising:

forming (1602) a plurality of strips of core mate-
rial (500, 800, 802, 900, 1102, 1104, 1200,
1300);

selectively adhering (1604) the plurality of strips
of core material to one another at a multitude of
adherence regions located at selected length in-
tervals along respective strips; and
concurrently or subsequently folding (1606)
each of the plurality of strips of core material,
thereby separating the respective strips of core
material from one another at a multitude of ex-
pansion regions respectively located between
the multitude of adherence regions, to form an
array of oblique polyhedral cellular structures
(200), the array comprising:

a plurality of converging polyhedral cells
(212); and
a plurality of diverging polyhedral cells (214)
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